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Abstract
This paper sheds some light on the relationship between crop biodiversity on farms and market using cross-sectional data of banana growing households in Uganda. The reciprocity of the relationship between diversity on-farm and the involvement of farmers in banana markets is estimated using a two-stage estimation approach. Market involvement is analyzed both in terms of 1) the decision to participate in banana markets (as either a net seller or a net buyer), and 2) the composition of participation, measured by the number of varieties sold at farm-gate. The results suggest that diversity on household farms constitutes a necessary condition for both market participation in banana markets and diversity at farm-gate. Hence, greater diversity on-farm, as a cumulative stock of attributes, can increase cash flows to households (i.e. private benefits) through diversified production and sales without compromising in-situ conservation efforts. However, the presence of diversity on farm does not guarantee participation and its composition. That is, the reciprocal causation in the relationship is not statistically significant suggesting that diversity on farm is not a sufficient condition for market participation and its composition.
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Introduction

Over the past decade or so, detailed studies by applied economists have documented the fact that despite the pressures of agricultural industrialization, farmers persist in growing diverse crops and varieties simultaneously - especially, but not exclusively, in developing economies (Brush, Taylor and Bellon, 1992; Meng, 1997; Van Dusen, 2000; Birol, 2004; Di Falco, 2003; Gauchan, 2004). Most of these studies confirm the expected negative association between the development of market infrastructure and crop biodiversity on individual farms, advanced earlier by anthropologists, ethnobotanists and conservationists. When more specific hypotheses about the relationship of input and output markets with crop biodiversity on farms are tested, however, some ambiguities are apparent (Benin et al., 2004; Nagarajan, Smale, and Glewwe, 2005). One reason for ambiguity is the difficulty of establishing the causality of the relationship between crop biodiversity on farms and market with cross-sectional data. Unfortunately, this causality is the crux of conservation policy for countries in the process of economic development. Is it because farmers are left out of markets that diversity is conserved? Can markets be used as a means of supporting on-farm diversity, and if so, in what way? 
This paper sheds some light on this issue by testing statistically the relationship between diversity on farm and at the farm-gate. Diversity on farm is a necessary condition for diversity at the farm-gate, where the harvest is sold. That is, diversity in a household farm is a prerequisite for diversity at the point where the household sells the produce. If there is diversity observed at the farm-gate, there is necessarily diversity on the farm. However, in the context of subsistence production, there can be diversity on farm without there being diversity at the farm gate as some households do not participate in banana markets. For participating households, the marketed produce may not represent the full range of crop biodiversity on the farm. Hence, the presence of diversity on farm does not guarantee diversity at farm gate, suggesting that on farm diversity may not be sufficient for farm-gate diversity. 
These relationships are a logical consequence of the organization of production on a household farm, as compared to the fully commercialized farm-firm of industrialized agriculture. On a household farm, the household’s objective is to combine family labor and farm resources in order to maximize the utility from consumption of farm and non-farm goods, and leisure. When markets are missing or incomplete, the model of the household farm predicts that the demand for consumption goods will affect production choices. In that case, farmers cultivate diverse crops and varieties in order to meet their subsistence needs and satisfy their preferences for consumption attributes. When markets function well, on the other hand, diversity on farms reflects the attribute preferences of off-farm consumers.
If on-farm diversity is a consequence of market development rather than market underdevelopment, we can surmise that a “win-win” policy option is feasible for conservation. A “win-win” option for conserving crop biodiversity would occur when market development is consistent with managing diverse crop genetic resources on farms, generating both private benefits and social benefits. Cash generation on farms can have important multiplier effects through other rural markets, creating private benefits. Management of heterogeneous crop varieties can support genetic resistance to plant pests and diseases, and maintain rare alleles for future use by scientists and farmers. Both of these functions benefit society. The European Community has recognized such functions by supporting the concept of multi-functional agriculture.
The relationship between diversity on-farm and the involvement of farmers in banana markets is estimated using a two-stage estimation approach. Market involvement is analyzed both in terms of 1) the decision to participate in banana markets (as either a net seller or a net buyer), and 2) the composition of participation, measured by the number of varieties sold at farm-gate. The results suggest that diversity on household farms constitutes a necessary condition for both market participation in banana markets and diversity at farm-gate. Hence, greater diversity on-farm, as a cumulative stock of attributes, can increase cash flows to households (i.e. private benefits) through diversified production and sales without compromising in-situ conservation efforts. However, the presence of diversity on farm does not guarantee participation and its composition. That is, the reciprocal causation in the relationship is not statistically significant suggesting that diversity on farm is not a sufficient condition for market participation and its composition.
Conceptual framework
The conceptual framework builds on the household model of on-farm diversity (Van Dusen 2000) and related applications (Smale, 2006). Two aspects of the conceptual framework are of particular importance in the analysis. First, in the non-separable case of the household model, because of market imperfections, optimal production choices on the farm are affected by the consumption preferences of the household (Singh, Squire and Strauss, 1986). Second, the conceptual framework draws from models that consider the attributes of goods in utility and production functions (Lancaster, 1966; Ladd and Suvannunt, 1976; Ladd and Martin, 1976). The trait-based agricultural household model used here (Edmeades, 2003) enables us to relate production choices with market participation choices in the context of market imperfections that are so common in developing economies. 

The agricultural household maximizes utility from the set of intrinsic quality attributes (zC) of the goods it consumes (x), the consumption of an aggregate purchased good (g), and leisure (h), choosing the type and amount of goods it consumes and produces: 
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, where HH captures the heterogeneity in household characteristics. The household is constrained by its production and budget limitations (full income constraint), as well as by market imperfections. The production technology is defined by variable inputs, including the agronomic traits of planting material (zP) and labor (l), used for the production of output (q) on a pre-allocated, fixed amount of land: 
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. The production technology is conditioned on the physical characteristics of the farm, denoted by (F. The primary source of labor for crop production is typically the family (with total endowment of time for labor and leisure denoted by T). In rural communities in developing economies, planting material is often reproduced on-farm or obtained from farmer-to-farmer exchange, rather than through formal market mechanisms. Farmers’ choices of varieties are limited by the range of traits and attributes available to them locally. The number of distinct varieties existing in the village, denoted by V, represents the local stock (or endowment) of variety attributes. A sub-set of varieties, 
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, is supplied at farm-gate or exchanged at the market place and it represents the stock of variety attributes available at the village market. Although the bundles and levels of attributes provided by varieties are fixed from the perspective of an individual household, the household can vary the type and amount of consumption and production attributes by changing the combination of varieties and quantities of planting material grown. Hence, corner solutions are possible for specific varieties, since the set of planted and sold varieties need not be the same across households. 

Household preferences and production choices are conditioned on market characteristics (
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). Market imperfections can affect both consumer and producer behavior within the framework of non-separable decision-making. Markets for agricultural outputs typically exist and are functional. However, households are often located far from markets and the bulkiness of their produce often makes it difficult for them to transport their harvest to market as individuals. Furthermore, premiums for quality differentials across varieties (concerning the taste rather than observable characteristics) are seldom observed, which reduces the incentives for marketing a range of varieties. This is depicted by the tradability constraint expressed as the difference between household output and consumption of goods, or marketed surplus: 
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. The constraint is binding for those households that remain autarkic with respect to output markets, consuming the goods they produce. The marketed surplus is positive for net selling households, as excess production is sold for cash. Following Edmeades (2003) and recognizing that agricultural households make consumption and production decisions simultaneously, optimal reduced form demands for planting material can be derived. The optimal demand for planting material (v) can be measured as either a count of stands (or trees) or an area share and it is expressed as: 
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. Household full income Y* is defined by production technology parameters (e.g. agronomic traits of planted varieties, prices, farm characteristics), total endowments of time and stock of attributes, as well as exogenous sources of income, I. Aggregate goods are a numeraire commodity. Shadow values of family labor, planting material and non-traded varieties are functions of prices, household, farm and market characteristics, and total endowments of inputs (T and V). Households are price takers in agricultural output markets. 

To relate the reduced form to diversity on farm, scalar metrics are constructed over optimal demands for varieties (Edmeades, Smale and Karamura, 2006):
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Diversity at farm-gate is defined as a scalar metric constructed over the sub-set of varieties sold at farm-gate or exchanged at the market:
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Equations (1) and (2) are used in the econometric analysis of the association between on-farm and farm-gate diversity. Because farm-gate diversity is constructed over a sub-set of varieties, a market participation decision is also included in the analysis and its relationship with diversity outcomes is examined.

Data

The data, collected in 2003, are drawn from a geo-referenced, multi-stage, random sample of banana-growing households in Uganda. The sample domain spans the major banana producing areas in Eastern, Central, and Southwestern Uganda. The sample was stratified according to elevation, with a threshold of 1,200 meters above sea level. Prior biophysical information suggests that elevation is correlated with factors contributing to variation in productivity. A total of 27 primary sampling units were defined at the sub-county level and allocated proportionately with respect to elevation. One village was randomly selected per sub-county. A total of 20 households with access to land were selected randomly in each village. The total sample comprises 540 rural households in Uganda, of which 517 are identified as banana growers and are used in the analysis. Half of the households in the sample (51%) participate in banana markets as sellers. A third of the households in the sample (197) are net sellers, 21% are net buyers, and 13% participate in banana markets as both sellers and buyers. More than a quarter of the households in the sample (28%) remain autarkic with respect to banana markets.
Diversity of bananas on farms and at farm-gate
Uganda is a second centre of diversity for bananas. A large number of distinct clones of this endemic type are grown in Uganda, as well as a number of unimproved, exotic types from Southeast Asia and a few recently developed hybrids. The multiple end uses of bananas to farm families, as well as biotic and abiotic pressures, influence the mixture and number of distinct banana varieties grown. Households grow a large number of different banana varieties simultaneously on their farms, with an average of 7 and a maximum of 27 distinct varieties. Endemic cooking bananas are the most widely grown use group in the sample – 97% of all households grow at least one cooking variety. The number of distinct varieties per village ranges from 13 to 38, with an average of 23 (Edmeades, Smale and Karamura, 2006).
Bananas are produced for home consumption with excess production being sold for cash. Once harvested, banana bunches perish quickly, precluding storage. The point of sale is typically the farm-gate (literally on the household farm), with only a few farmers also selling at local markets. Bananas are sold in bunches. The bulky nature of banana bunches makes it difficult for farmers to transport them to local trading centers or urban markets. Typically, transportation costs (charged per bunch or per load) are borne by buyers (usually intermediaries or middlemen). Anecdotal evidence suggests that per unit costs of transportation, as well as fixed transactions costs, are similar across varieties because banana bunches from different varieties are sold at the same time and search, negotiating, and bargaining costs are borne concurrently.
The survey data confirm that the majority of the banana bunches sold (64%) are from traditional varieties that are endemic to the region. Cooking varieties dominate banana markets in terms of volume sold (in kg), followed by beer varieties. Of all banana types sold, cooking varieties represent 54%. Beer varieties were 26% of marketed bananas during the year of the survey. Sweet varieties represented 17%, with the remaining 3% made up of multi-use (hybrid) and roasting banana types. In the survey sample, bunches from 61 different varieties were sold (11 of those are single observations, i.e. only one household sells this particular variety in the sample). Cooking banana bunches sold were comprised of 40 different varieties, while the numbers of beer and sweet varieties sold were 18 and 3, respectively. 
Though several diversity indexes are defined in the literature and used in empirical analyses (Smale, 2006), in this paper the count index is used as a measure of diversity on farm and at farm gate. The number of varieties grown on farm and sold at farm gate represents a diversity measure of richness. The focus on a single index is not restrictive but rather informative. The association between on-farm and farm-gate diversity can be extended using other indexes, with comparisons made across diversity measures. This, however, is beyond the scope of the paper.
Econometric approach

The relationship between diversity on-farm and the involvement of the farmer in the banana markets is explored. Market involvement is analyzed both in terms of 1) the decision to participate in banana markets as either a net seller or a net buyer, and 2) the composition of participation, measured by the number of varieties sold at farm gate. The simultaneity (or reciprocal causation) of the relationship between on-farm diversity and market participation (as a seller and as a buyer, separately) is analyzed using a two-stage probit least squares (2SPLS) method (Maddala, 1983). An instrumental variable method (2SLS) is also used to analyze the reciprocal causation in the relationship between diversity on farm and at farm-gate. 

In the presence of simultaneity, standard estimation methods result in biased and inconsistent estimates. A two-stage estimation approach provides the necessary corrections of the standard errors of estimates. However, two-stage methods (such as 2SLS) typically use continuous endogenous variables across equations. While they are useful for examining the relationship between on-farm and farm-gate diversity, both defined as continuous variables, their application is limited when a continuous and a dichotomous variable are hypothesized to simultaneously determine each other. In such instances, the 2SPLS is used to account for the simultaneity of the processes. This model is used for studying the association between on-farm diversity and market participation decisions.
To illustrate the econometric method used, a two-equation model is defined:
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, i.e. the error terms are contemporaneously correlated. If both outcomes are observed, i.e. 
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, then the usual simultaneous equations model applies. The 2SLS approach can be used to estimate the model, as both outcomes are continuous. However, if one outcome is observed, while the other is defined as a latent variable, 
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, then the 2SPLS approach can be used to estimate the model (Keshk, 2003).
Variables

Variables used in the analysis are summarized in Table 1. The expected effects for most explanatory variables are ambiguous and no a priori theoretical underpinning exists to support the direction of comparative static relationships because of the non-separable nature of the model.

Table 1. Summary information of variables

	Variable
	Definition
	Mean
	St. D.

	Count on farm
	Number of varieties grown on farms
	7.14
	3.61

	Count at farm gate
	Number of varieties sold at farm gate
	1.42
	2.40

	Gender
	Gender of household member in charge of banana production (1=male)
	0.62
	0.49

	Education
	Years of schooling of household member in charge of banana production
	5.21
	4.02

	Experience
	Years of experience of household member in charge of banana production
	10.21
	10.62

	Dependency ratio
	The proportion of children and elderly members to household size
	0.48
	0.24

	Exogenous income
	Income received in previous year from sources other than farm production (in 10,000’s Ugandan Shillings)
	90.88
	282.60

	Value of livestock
	Value of livestock owned by the household (in 10,000’s Ugandan Shillings)
	42.19
	96.18

	Farm area
	Total farm area (in acres)
	4.58
	7.84

	Banana share
	Proportion of farm area allocated to banana production (intensity of banana production)
	0.38
	0.28

	Age of plot
	Number of years the household has grown bananas on the major banana plot
	11.91
	12.08

	Stock of attributes
	Number of distinct banana varieties grown in the village
	23.41
	5.53

	Southwest region
	Household located in the Southwestern region of Uganda (=1)
	0.23
	0.42

	Eastern region
	Household located in the Eastern region of Uganda (=1)
	0.30
	0.46

	Probability of BS
	Probability of occurrence of Black Sigatoka disease on-farm
	0.18
	0.29

	Probability of FW
	Probability of occurrence of Fusarium wilt disease on-farm
	0.20
	0.28

	Probability of WE
	Probability of occurrence of weevils attack on-farm
	0.39
	0.33

	Rainfall
	Mean annual rainfall (in mm)
	90.95
	8.12

	Sell bananas
	Household sells bananas (=1)
	0.51
	0.50

	Buy bananas
	Household purchases bananas (=1)
	0.34
	0.47

	Time to market
	Time to nearest banana market (in hrs)
	1.00
	0.53

	Average yield
	Average expected bunch size per household (in kg)
	12.36
	5.49

	Cooking quality
	Importance of cooking quality: not important (=1), indifferent (=2), or very important (=3)
	2.56
	0.68


Individual characteristics are summarized for a representative household member who is identified as the person in charge of banana production and management decisions, in contrast to the usual emphasis on the household head. Gender captures preferences associated with growing and market participation behavior. Education and experience proxy for acquired human capital. The dependency ratio is measured as the number of economically dependent persons divided by total household size. Because of the importance of livestock to household consumption needs and cash requirements, the value of animals owned by the household is used as a proxy for wealth. Another indicator of wealth is exogenous income, which is measured as total income received in the previous year. Wealth is often associated positively with crop biodiversity in poorer economic contexts (Gauchan 2004; Benin et al., 2004). 
The extent of area planted to bananas captures household-specific scale effects, while the share devoted to bananas captures the intensity of banana production. The age of banana plantation is included to control for the time dimension of the diversity decision and the effects of past investments in the plantation stock. Long established plantations appear to be associated with greater on-farm diversity (Edmeades, Smale and Karamura, 2006). The total number of banana varieties in the village proxies for the stock of planting material available to farmers for exchange through informal networks. Generally, a larger number of distinct varieties in the village indicate a greater local supply that is readily available to households (Smale et al., 2001). However, the extent to which each farmer is willing to diversify could vary across farmers in a village, and some farmers may meet their end use needs with fewer varieties than others. 
Household location is included to capture regional differences in the provision of diversity on-farm and at farm-gate associated with biophysical characteristics of the production environment, as well as with the ethnic composition of the population and hence demand for varieties. The frequencies of occurrence of the air-borne disease Black Sigatoka and the soil-borne disease Fusarium Wilt, as well as weevils, represent biotic pressures to banana production as recognized and experienced by farmers. Since tolerance appears to vary by variety, disease pressures are expected to increase demand for a wider set of varieties. Rainfall is also included as an agro-ecological characteristic that is important to banana production and varies continuously. 
Market participation may account for market failures encouraging farmers to grow some varieties and not others. Though the predicted direction of the effect is ambiguous, some speculations are possible. Semi-subsistent households participating in banana markets as sellers often meet their consumption needs and sales requirements through their own production. They may grow a larger number of different varieties, some allocated to their own consumption, and others to market sales. By contrast, buyer participation is likely to reduce diversity on farm since it enables households to substitute for on-farm production with market purchases.  Households can then fulfill the range of their consumption needs through acquiring bunches at the market place rather than from their own banana plots. 
The time taken to get to the nearest banana market is used as a transaction cost variable. The farther a household is from a market, the greater the incentive it has to maintain a wider range of distinct banana varieties in order to satisfy consumption needs and the lower the incentive to participate in banana markets. This variable has been extensively used in previous studies of crop biodiversity on farms, with robust results. Most often the coefficient has a positive sign, supporting the notion that conservation is “by default” and that inevitably, diversity will be eroded by the process of market development.
The average expected bunch size is also included as an indicator of supply of an important attribute. It is calculated using a triangular distribution per variety and averaged at the level of the household. The demand for cooking quality is defined at the level of the banana production decision-maker. Attribute cards with illustrations were used to ensure visual recognition of cooking quality, and the respondent was asked to rate the attribute as not important (=1), indifferent (=2), or very important (=3). The relative importance of attributes is believed to affect banana diversity at farm gate through trade-offs that farmers make when choosing the type and number of banana varieties to consume and sell. The importance of attributes is believed to influence diversity decisions on-farm and at-farm gate.
Results
Table 2 summarizes the estimation results for the relationship between variety diversity on-farm and market involvement. First the direction of causality between on-farm diversity and market participation as either a net seller or a net buyer is examined. Second, the reciprocity of the relationship between diversity on-farm and at farm gate is empirically tested. The Wu-Hausman F test and the Durbin-Wu-Hausman chi-square test confirm that diversity on-farm is an endogenous variable (p-values of 0.00002). The same tests also determine the endogeneity of diversity at farm gate (p-values of 0.0063 and 0.0055, respectively). Instrumental variables were used for the identification of endogenous regressors in each equation. Biophysical characteristics (e.g. probability of occurrence of a disease or pest, rainfall), among other exogenous regressors, were used in the identification of diversity on farm. Transaction cost variables (e.g. region and time to market) are used as instruments for diversity at farm-gate. Both sets of instrumental variables are statistically valid for the estimation
.
Table 2. Regression results for diversity on farm and market involvement (corrected standard errors in parenthesis)
	Explanatory variable
	Market Participation
	Composition of Participation

	
	Net Sellers
	Net Buyers
	

	
	Diversity 

on farm 
	Sell
	Diversity 

on farm 
	Buy
	Diversity on farm
	Diversity farm gate

	Diversity on farm 
(instrumented)
	
	0.1240**

(0.0459)
	
	-0.1340**

(0.0388)
	
	0.5195**

(0.0675)

	Diversity at farm-gate (instrumented)
	
	
	
	
	-0.8103

(0.5020)
	

	Sell 
(instrumented)
	0.2963

(1.1691)
	
	
	
	
	

	Buy 
(instrumented)
	
	
	-0.3094

(0.9243)
	
	
	

	Gender
	-0.1376

(0.3899)
	-0.0219

(0.1996)
	-0.1548

(0.3092)
	-0.0915

(0.1453)
	0.0496

(0.3731)
	0.1930

(0.2085)

	Education
	0.1172*

(0.0611)
	0.0148

(0.0252)
	0.1219**

(0.0386)
	0.0089

(0.0187)
	0.1682**

(0.0536)
	-0.0114

(0.0266)

	Experience
	-0.0139

(0.0570)
	
	-0.0178

(0.0348)
	
	-0.0812^

(0.0463)
	-0.0138

(0.0112)

	Dependency ratio
	0.0749

(1.1735)
	-0.7028^

(0.4078)
	-0.0899

(0.5935)
	0.0896

(0.2889)
	-1.0315

(0.8217)
	-0.9816**

(0.3581)

	Exogenous income
	-0.0006

(0.0012)
	-0.0008*

(0.0004)
	-0.0006

(0.0010)
	0.0010**

(0.0003)
	-0.0014*

(0.0007)
	-0.0003

(0.0003)

	Value of livestock
	0.0052*

(0.0020)
	
	0.0052**

(0.0015)
	
	0.0053*

(0.0024)
	-0.0023*

(0.0012)

	Farm area
	-0.0017

(0.0283)
	0.0089

(0.0122)
	-0.0008

(0.0202)
	-0.0035

(0.0107)
	0.0054

(0.0234)
	

	Banana share
	-0.7216

(0.9850)
	0.6031^

(0.3585)
	-0.6650

(0.6401)
	-0.2985

(0.2691)
	0.4910

(0.7397)
	1.1691**

(0.3930)

	Age of plot
	0.0700

(0.0606)
	
	0.0676

(0.0526)
	
	0.1542**

(0.0471)
	

	Stock of attributes
	0.2822**

(0.0724)
	
	0.2799**

(0.0609)
	
	0.4399**

(0.0954)
	

	Southwest region
	0.8764^

(0.4945)
	
	0.8389*

(0.4019)
	
	
	-0.7980*

(0.3220)

	Eastern region
	-0.3224

(0.5113)
	
	-0.4399

(0.6272)
	
	
	0.2244

(0.2285)

	Time to market
	
	-0.3522^

(0.1985)
	
	0.4006**

(0.1237)
	
	-0.4167**

(0.1394)

	Average yield
	0.0312

(0.0628)
	0.0344*

(0.0180)
	0.0353

(0.0379)
	-0.0218^

(0.0128)
	0.1343*

(0.0596)
	0.0824**

(0.0172)

	Cooking quality
	0.1514

(0.6086)
	-0.4680**

(0.1400)
	0.0735

(0.2703)
	0.2496*

(0.1069)
	-0.2394

(0.2879)
	-0.3003*

(0.1271)

	Probability of BS
	0.6604

(0.7164)
	
	0.6581

(0.5419)
	
	0.6474

(0.6401)
	

	Probability of FW
	0.9471

(0.7420)
	
	0.9936^

(0.5368)
	
	1.2915*

(0.6567)
	

	Probability of WE
	-0.3020

(0.6597)
	
	-0.1380

(0.5131)
	
	-0.6775

(0.5816)
	

	Rainfall
	-0.0706**

(0.0263)
	
	-0.0731**

(0.0239)
	
	-0.0897**

(0.0306)
	


Note: *,**,^ indicate significance at the 1%, 5% and 10% level, respectively. 

There are four salient results. First, the household decision to participate in banana markets as a net seller or a net buyer does not appear to influence the household decision on how many different varieties to grow on farm. Consistent with subsistence agriculture, production decisions appear to be driven by consumption needs rather than by market factors. Second, diversity on-farm, as measured by the number of varieties grown, influences the market participation decision. Specifically, a greater diversity increases the likelihood of selling banana bunches at farm-gate and reduces the probability of purchasing banana bunches at local markets, while controlling for other factors such as transactions costs. Third, diversity on farm has a significant positive effect on diversity at farm gate. This is consistent with semi-subsistence agriculture where specialization in sales is not typically observed as households sell their excess production from a diverse set of grown varieties. Four, greater diversity at farm-gate bears no causal relationship with greater diversity on farm. 
In light of criticisms regarding the causal direction of empirical studies of on-farm diversity, an empirical validation of causation is obtained by using a simultaneous estimation of the different processes. The relationship between diversity on-farm and market involvement, both in terms of participation and its composition, appears to be unidirectional rather than circular. In other words, there is no reciprocity among the processes studied.
Implications
For market participation decisions to be made or for diversity at farm gate to be observed, diversity on-farm needs to exist. Therefore, diversity on-farm is a necessary or preceding condition for market involvement, both in terms of participation decision and in terms of diversity at farm gate. The lack of reciprocity in the relationship, however, suggests that though necessary, diversity on farm is not a sufficient condition for market participation and for the composition of participation as other factors influence both processes. In other words, the presence of diversity on-farm does not guarantee market involvement.

An important policy implication is the potential impact that in situ conservation can have on market diversification and income generation. Greater diversity on-farm, as a cumulative stock of attributes, can increase cash flows to households (i.e. private benefits) through diversified production and sales without compromising in-situ conservation efforts. Efforts to maintain diversity on-farm can lead to greater market involvement with a more diverse set of crops and varieties, generating a secondary diversification effect in produce markets. There are implication for both producers (in terms of income) and consumers (in terms of preferences for crop characteristics). Reduction in transactions costs is typically recommended for stimulating market participation. Greater on-farm diversity can also be a decisive factor in whether households sell or purchase bananas, as well as in the composition of sales at farm-gate. For diversity on-farm to be both a necessary and a sufficient condition for market involvement, however, complementary investments will be needed to alleviate constraints to participation and improvement in institutional arrangements related to product markets in developing economies. 
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� For relevance of instruments, the null of excluded instruments is rejected for both sets of instruments; the p-value of the F-test is 0.0000 and 0.0101, respectively. Overidetintification of all instruments is not rejected; the p-value of the Jansen J statistic  is 0.7008 and 0.2261, respectively, for both sets of instruments. 
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